National Center for Computational Sciences Snapshot
TheWeek of January 22, 2007

3-D Simulations of Tokamak Plasmas Conducted at ORNL

Fusion energy research is still in the preliminstages of theory and simulation, but its
potential as a source of clean, virtually unlimigemver is slowly being realized at Oak
Ridge National Laboratory’s (ORNL’s) National Center Computational Sciences
(NCCS).

The Gyrokinetic Plasma Simulation team headed byW\Lee of the Princeton Plasma
Physics Laboratory is using NCCS supercomputevsorl toward tapping that potential
by exploring turbulence transport, or heat andigartoss, in tokamak reactors.

Tokamaks are doughnut-shaped devices that housenized gas responsible for
sparking the fusion reaction necessary to produeegy. According to Lee, whose team
is simulating turbulent transport on NCCS'’s Jagiystem, plasmas confined in
tokamaks have natural temperature and densityeresdihat greatly affect the transfer of
heat and particles throughout the device. In thie tlte temperature is hotter and the
density higher, while near the walls the tempermgradually becomes cooler and the
density lower. These gradients, says Lee, credbalence, causing significant heat and
particle loss in the tokamak.

If the turbulence is too great and the device lésesnuch heat, the core cannot reach the
temperature necessary to ignite a sufficient reacgending the entire fusion process

into an early demise. Lee’s team hopes to createra consistent environment for

ignition reactions by minimizing the effect of tgeadients on turbulence and thereby
maintaining temperatures in the tokamak.

Lee’s project studies two “scaling laws” relatedd&amak reactors. The first explores
the physical size necessary for a tokamak to aehgmition. Just as the core must be
heated to reach a proper temperature, it likewigstoe large enough to facilitate the
necessary reactions. Size scaling also helps siearehers determine how confinement
can be improved with the application of magne&tds. According to Lee, a stronger
field leads to better confinement, but the relattop is not perfectly understood.

The second investigation involves isotopes and &natarify the contradictory
theoretical and experimental results surroundiregcttmbination of hydrogen, deuterium,
and tritium.

Traditionally, most fusion experiments have usedkteieum and hydrogen; but both
Lee’s simulations and ITER (an upcoming experimiergactor in France that aims to
determine the feasibility of fusion power produndioas well as several large tokamaks
around the world, introduce tritium into the eqaoati



“Experimental results and theoretical understanfliegarding tritium] don’t agree,” Lee
says, adding that while some theories suggestritiam will weaken confinement and
aggravate heat loss, experiments suggest juspihesde. For ITER, and for “real
fusion,” as Lee calls it, it is crucial to introdutritium to achieve a proper reaction.
While tritium is radioactive and requires speciahtling, its half-life of roughly 10 years
is much more manageable than that of traditionaleawn waste from fission reactors,
which can be upward of 10,000 years.

Lee cites his code’s ability to scale with the Jagaystem as one of its major advantages,
adding that it is also capable of scaling well wdifferent machines. Eventually, says
Lee, his team hopes to gain access to the plangtedqale facilities at the NCCS, which
will allow the team to simulate a fusion reactae #ize of the proposed ITER facility.

The project used 3.5 million processor hours lasiryproducing successful three-
dimensional simulations. In 2007, the project hesrbawarded 6 million processor hours
on the Jaguar system and another 45,000 hoursedPhtbenix system through the
Department of Energy program Innovative and Nowain@utational Impact on Theory
and Experiment (INCITE). Lee calls the computingvpo available at the NCCS

“crucial” to his team’s research and emphasizesniportance of continuing the fruitful
interactions with members of ORNL'’s Scientific Camipg Group.

“Dr. Scott Klasky of NCCS is a co-principal invegtor of our SciDAC [Scientific
Discovery through Advanced Computing] project, aedserves as a crucial link for us in
accessing these resources,” says Lee. “We want tiv@novide us with the fastest and
most powerful computers available and the most ack@ software tools. We are on our
way.”

Training Exploresthe lnner Workings of L ustre
More than 30 systems experts gathered at the N@§&tSveek to get a highly detailed
look at the high-performance Lustre file system.

The Lustre Internals Training, provided as parthef Lustre Centre of Excellence housed
at the NCCS, was held January 17-19. Lustre igldyhscalable file system used on
some of the world’s fastest supercomputers, inagidne Jaguar system at the NCCS.

The training was conducted by Peter Braam, chadfrtelogy officer of Cluster File
Systems, Inc., and Lustre’s primary architect.

“I thought it went well,” said NCCS Technology Gmleader Shane Canon. “We
learned a lot of good details about how to troutbes problems, how to gather and
analyze logs, and where certain metrics can beegadhiio see how the system behaves.”

The class provided information on the Lustre asgttiire. It also provided an in-depth
look at how the system handles a variety of taskys of analyzing it at each layer, and
strategies for troubleshooting.



Although the latest class was primarily for systesrpgerts, future training will focus on
helping application developers make the best plesade of the Lustre system.

NCCS Usersto Gather in March
NCCS users will gather at ORNL for a 3-day meetmlylarch to ensure that they make
the most of their allocations on the center’s wanllass supercomputers.

The 2007 NCCS User Meeting, scheduled for Marci2@7at the Joint Institute for
Computational Sciences building at ORNL, will featpresentations and tutorials on a
range of topics, from closeup looks at system &chure to an overview of solutions for
data storage. Representatives have been invitedtfre 28 projects that will be using the
systems through the Department of Energy’s INCIT&gpam.

These users have been allocated more than 75 mjliimcessor hours on the Cray XT4
Jaguar system and the Cray X1E Phoenix systemeHlyssems will be providing more
than three-quarters of the computing power allat&ethe INCITE program, paving the
way for breakthrough discoveries in chemistry, dgyl, fusion science, climate science,
materials science, astrophysics, and other critiekls.

Topics for the meeting include system administraigsues relevant to users, system
architecture and software, scientific visualizatidata analysis, and Cray'’s plans for the
future. Tutorials will be available that focus dvetCray XT4 and X1E, visualization, and
Cray performance tools.

The event will also host a series of user presemstind a user meeting that will give
scientists an opportunity to discuss the challeniges face in using these state-of-the-art
systems.



